Extraction of U(VI) and Th(IV) from chloride and nitrate solutions with tri-n-dodecylamine impregnated on Amberlite XAD4, was investigated. The distribution of U(VI) and Th(IV) was studied at different concentrations of acid, salting-out agent, extractant, aqueous metal ion and other parameters. Absorption spectral studies have been investigated for uranium species in both aqueous HC1 solution and the resin phase. From these studies, it is suggested that the tetrachloro complex of U(VI) is formed in the extraction of uranium (VI) from hydrochloric acid solutions by TDA impregnated resin. Stripping of the extracted U(VI) and Th(IV) was assayed with HC1 and HN03. Finally, the separation of uranium from thorium and fission products in HC1 media was achieved.
INTRODUCTION
There is a growing need for uranium and thorium, the main radioactive elements, for nuclear fuel production. Disposal of industrial waste effluents containing uranium and thorium has serious hazard impacts on the environment. Therefore, recovery of these two elements from aqueous waste solutions is preferable for economical and ecological reasons.
Solvent impregnated resin (SIR) is a good alternative to solvent extraction and ion exchange techniques for metal separation and recovery. They combine the advantages of solvent extraction systems such as fast mass transfer rates, high distribution and selectivity factors, with the advantages of solid ionexchange technology such as simplicity of equipment and operation and applicability for processing very dilute solutions. For these reasons, SIRs have been widely used in metal recovery and separation in the nuclear industry, hydrometallurgical applications for the separation of rare earth elements, platinum group gold, and base metals. SIRs are suitable also for preconcentration and separation of trace metal ions for analytical purposes.
Solvent extraction with high molecular weight amines provides a useful method for recovery of actinides,22, 23 Preparation of a new type of metal ion selective resin based on phosphoric acid functionality and its application on the separation of Mo and V ions have been reported, where the metal ion selective resin was prepared by immobilizing D2EHPA onto the surface of porous Amberlite XAD4 resin. 24 The recovery of Pd, Pt, and Rh from batches of industrial metal refinery effluents containing large amounts of Ni, Cu, and Fe ions and relatively small amounts of the expensive Pt, Pd, and Rh ions has been investigated with silica-based poly amine anion exchangers. 25 However, the studies on recovery and separation of actinides with amine impregnated resins are few. The present work aimed to investigate the extraction of uranium (VI) and thorium (IV) from chloride and nitrate media with tri-n-dodecylamine (TDA) Impregnated resin, to throw light on the extraction mechanism and to compare it with that in solvent extraction systems. The separation of uranium from thorium and fission products with the TDA impregnated resin was studied as well. where [M], and [M]e are the initial and the equilibrium concentrations of metal ions in the aqueous phase, respectively, V is volume of the aqueous phase, and m is weight of dry impregnated resin. The uranium and thorium concentrations were determined spectrophotometrically using a spectrophotometer (Shimadzu UV-120-02) with arsenazo 111.26 Gamma emitter radioisotopes were controlled using hyper pure germanium detector connected to a multichannel analyzer (Canberra Genie 2000). The extracted uranium amine complexes were eluted from metal-loaded impregnated resins by shaking with benzene for 24 hours. The absorption spectra of these benzene solutions and the corresponding aqueous phases were obtained by a spectrophotometer (Shimadzu UV-160 A).
EXPERIMENTAL

Reagents
RESULTS AND DISCUSSION
3.1. Extraction of uranium from chloride media. The effect of contact time on sorption of U(VI) from 6 M HCl solution with TDA-impregnated resin is shown in Figure 1 . The uranium uptake percent increases with increasing contact time till equilibrium is reached after 24 hours. The extraction of 10-4 M UO,2, solution with TDA-impregnated resin was examined at different HCI concentrations.
The results indicate that 4, where uranium distribution ratio increases slightly with amine concentration then it decreases at high amine concentrations.
Blocking of resin pores by amine molecules and extracted metal complexes may be the reason for such behavior. ' 12 The uranium concentration of the resin phase is determined as a function of initial aqueous uranium concentration at 7 M HC1. The data shown in Figure 5 represents a typical Langmiur isotherm.
The U(VI) concentration of the resin phase approaches a limiting value of -0.04 mol/kg. According to eq 1 the uranium to amine loading ratio was expected to amount of I/nt. However, the ratio was found to be much smaller than any reasonable value for 1/m. This suggests that some of the amine molecules within the sorbent are unavailable and do not participate in the sorption reaction owing to steric hinderance or an occlusion. Adsorption Spectral Studies:
The absorption spectra of aqueous uranyl chloride solutions (0.015 M) containing hydrochloric acid at various concentration are presented in Figure 6a . The corresponding spectra of uranium species eluted from impregnated resin (preloaded with uranium) using benzene are presented in Figure 6b . For the spectra of aqueous uranyl chloride solutions, the following results were observed: In I M HCI, a band center at 415 nm is exhibited due to the uranyl ion UO,21,33 while in 5 M HCI, this absorption shifts to longer wavelength due to the formation of the species UO2Cl+ and UO2Cl2 and is accompanied by the characteristic absorption peaks at 402, 428, 441, 460, 467, and 492 nm, which probably arise from the presence of the complex ion UO2Cl4 For solutions up to 9 M HCI, these peaks show a progressive increase in intensity, which indicates that UO2C14 complex becomes more predominant.
In contrast, the spectra of the organic solutions show largely the adsorption peaks characteristic to the UO,C142-complex, even though the spectrum of the aqueous solution at low HCI concentration does not indicate the presence of UO,CI,2-complex ion. This indicates that the extracted species is the six-coordinated uranium complex ion UO,Cl4 and the value of m in eq 1 equals 2. Hence, the extraction reaction may be written as follows:
3.2. Extraction of uranium from nitrate media. Extraction of U(VI) from aqueous solutions containing various concentrations of nitric acid with TDA-impregnated resin is shown in 
Elution of uranium.
Elution of uranium from metal preloaded impregnated resin with HCI and HNO3 acids of various concentrations is presented in Figure 9 . The maximum elution percent of U (VI) was attained using dilute acids, which is in agreement with results obtained by Felinto et al.
The hydrochloric
and nitric acid dependencies of elution percent have reversible shapes to that of acid dependencies of uptake percent shown in Figures 2 and 7 . It means that the extraction reactions of uranium (VI) from hydrochloric and nitric acids eqs 2 and 3 are reversible.
Two successive extraction-elution cycles were carried out on the system U(VI)-HCI-TDA/XAD4.
The data are listed in Table 1 . Uptake percent of the second extraction process is 10% less than that at the first extraction process. This decrease may be attributed to leakage of some amine molecules from the resin. More investigations are required to precisely describe concentrations, the distribution ratio decreases with increasing acidity. This phenomenon is also probably associated with the formation of the acid species R3NHNO3 in the resin phase. A similar behavior was observed for solvent extraction of cerium (III) by TDA.
The amine dependency of thorium (IV) extraction was studied at constant nitric acid and nitrate ion concentrations. As shown in Figure 13 , thorium distribution ratio, D, increases slightly with increasing TDA concentration from 0.48 to 0.96 mol/kg followed by a steep increases till extraction of thorium becomes nearly qualitative. The amine dependency could not properly describe the present extraction equilibrium, probably by amine molecules, amine aggregates and amine metal complex mixed associates which may be formed in the resin phase. Figure 14 represents thorium concentration of the resin phase as a function of initial aqueous thorium concentration. Sorption behavior represents a typical Langmiur isotherm. The amounts of Th (IV) sorbed by the resin increase with increasing aqueous thorium concentration and approaches limiting values of 0.05 and 0.07 mol/kg with sorbents of 0.96 and 1.32 mol/kg, respectively. The thorium to amine loading ratio is too small to reasonably indicate their stoichiometric ratio in the extracted species. The reason for this complication may be the existence of unavailable TDA molecules within the sorbent, which do not partricipate in the sorption reaction due to steric hindrance or occlusion.1,32
3.6. Elution of thorium (IV). Figure 15 shows the effect of initial aqueous concentrations of HCI and HNO3 on the percent of thorium eluted from TDA-impregnated resin preloaded with Th(IV). As would be expected, hydrochloric acid is much more efficient than nitric acid for thorium elution. The maximum elution percent attained with nitric acid was 66% using 0.01 M HNO3. Approximately the same elution percent was attained, when distilled water was used as an eluent. Quantitative recovery of thorium is possible only with dilute HCI solution.
The trend of nitric acid dependency of thorium elution, shown in Figure 15 , is nearly the reverse of that of thorium extraction. (See Figure I I which indicates that thorium extraction is a reversible process.) The successive extraction elution cycles were performed to study the regeneration of the TDAimpregnated resin after being loaded with thorium. The conditions and results obtained are given in Table 2 . Results indicate that the extraction process is reversible and TDAimpregnated resin can be regenerated and reused efficiently. 
